Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive interstitial lung disease of unknown cause. IPF has a distinct histopathological pattern of usual interstitial pneumonia in which fibroblastic foci (FF) represent the leading edge of fibrotic destruction of the lung. Currently there are three major hypotheses for how FF are generated: (1) from resident fibroblasts, (2) from bone marrow-derived progenitors of fibroblasts, and (3) from alveolar epithelial cells that have undergone epithelial-mesenchymal transition (EMT). We found that FF dissociated capillary vessels from the alveolar epithelia, the basement membranes of which are fused in normal physiological conditions, and pushed the capillaries and elastic fibers down~100 μm below the alveolar epithelia. Furthermore, the alveolar epithelial cells covering the FF exhibited a partial EMT phenotype. In addition, normal human alveolar epithelial cells in vitro underwent dynamic EMT in response to transforming growth factor-β signaling within 72 h. Because it seems that resident fibroblasts or bone marrow-derived cells cannot easily infiltrate and form FF between the alveolar epithelia and capillaries in tight contact with each other, FF are more likely to be derived from the epithelial-to-mesenchymal transitioned alveolar epithelia located over them. Moreover, histology and immunohistochemistry suggested that the FF formed in the lung parenchyma disrupt blood flow to the alveolar septa, thus destroying them. Consequently, collapse of the alveolar septa is likely to be the first step toward honeycombing in the lung during late stage IPF. On the basis of these findings, inhibition of transforming growth factor-β signaling, which can suppress EMT of the alveolar epithelial cells in vitro, is a potential strategy for treating IPF.
Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive interstitial lung disease of unknown cause. IPF has a distinct histopathological pattern of usual interstitial pneumonia in which fibroblastic foci (FF) represent the leading edge of fibrotic destruction of the lung. Currently there are three major hypotheses for how FF are generated: (1) from resident fibroblasts, (2) from bone marrow-derived progenitors of fibroblasts, and (3) from alveolar epithelial cells that have undergone epithelial-mesenchymal transition (EMT). We found that FF dissociated capillary vessels from the alveolar epithelia, the basement membranes of which are fused in normal physiological conditions, and pushed the capillaries and elastic fibers down~100 μm below the alveolar epithelia. Furthermore, the alveolar epithelial cells covering the FF exhibited a partial EMT phenotype. In addition, normal human alveolar epithelial cells in vitro underwent dynamic EMT in response to transforming growth factor-β signaling within 72 h. Because it seems that resident fibroblasts or bone marrow-derived cells cannot easily infiltrate and form FF between the alveolar epithelia and capillaries in tight contact with each other, FF are more likely to be derived from the epithelial-to-mesenchymal transitioned alveolar epithelia located over them. Moreover, histology and immunohistochemistry suggested that the FF formed in the lung parenchyma disrupt blood flow to the alveolar septa, thus destroying them. Consequently, collapse of the alveolar septa is likely to be the first step toward honeycombing in the lung during late stage IPF. On the basis of these findings, inhibition of transforming growth factor-β signaling, which can suppress EMT of the alveolar epithelial cells in vitro, is a potential strategy for treating IPF. Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive, irreversible interstitial lung disease of unknown cause. Its prognosis is devastating, with 450% of patients dying within 3 years after diagnosis. [1] [2] [3] [4] Of the clinically used drugs nintedanib and pirfenidone, both of which can slow IPF disease progression, neither results in a significant decrease in the IPF mortality rate. 5 IPF has a distinct histopathological pattern of usual interstitial pneumonia that includes a number of small areas consisting of fibroblasts, myofibroblasts, and abundant extracellular matrix, known as fibroblastic foci (FF). 1, 2, 6 In tissue sections, FF can be clearly visualized by alcian blue (AB) staining and usually present as sharp demarcations. 7 These foci are generally accepted as the structures predominantly responsible for the fibrotic destruction/distortion of the lung architecture in IPF. [1] [2] [3] [4] The source of fibroblasts as a component of FF is still under debate; however, there are three major hypotheses for how these cells are generated in the lung: (1) from resident fibroblasts, (2) from bone marrow-derived progenitors of fibroblasts (also known as fibrocytes), and (3) from alveolar epithelial cells that have undergone epithelial-mesenchymal transition (EMT). 1, 3 IPF-related inflammation is usually mild and is not considered the leading cause of fibrogenesis in the IPF lung. [1] [2] [3] [4] Instead, injured alveolar epithelial cells that secrete transforming growth factor-β (TGF-β), the major cytokine regulating EMT and fibrosis, 8, 9 seem to be the key driver in IPF disease initiation. Several articles support the hypothesis that fibroblasts in FF are derived from alveolar epithelia that exhibit EMT phenotype, on the basis of histopathological and cell biological findings, or murine models of cytokine-mediated pulmonary fibrosis. [10] [11] [12] [13] Conversely, one report did not find evidence of EMT in the pathogenesis of pulmonary fibrosis. 14 More importantly, the mechanisms by which small FF cause destruction of the preexisting lung structure remain to be determined. However, by dividing alveolar septa into 'alveolar domes' and 'lateral walls of alveoli' according to a report by Itoh et al, 15 we can identify the probable first mechanism by which FF distort lung architecture.
In the present study, we demonstrate that (1) alveolar epithelial cells from normal human lung tissues undergo dynamic EMT or mesenchymal-to-epithelial transition (MET); (2) histological and immunohistochemical findings of IPF lungs support alveolar epithelial EMT as the source of FF; and (3) FF disrupt blood flow to alveoli lateral walls, thus destroying them, which seems to be the first step of architectural remodeling in the IPF lung.
MATERIALS AND METHODS
All experimental procedures were approved by the Institutional Review Board at Sapporo Medical University.
Isolation and Preparation of Human Alveolar Epithelial Cells
Alveolar epithelial cells were isolated from macroscopically normal lung tissues (range:~3-21 g in weight) obtained from three patients (2 males, 1 female: age range 61-71 years) who were operated on for lung adenocarcinoma at Sapporo Medical University Hospital (Table 1) . Written, informed consent was obtained from each patient. First, we excluded mesothelial cells from the tissues as follows: briefly tissues were rinsed with phosphate buffered saline containing penicillin-streptomycin (1:100, Nacalai Tesque, Kyoto, Japan) and amphotericin B (2.5 μg/ml, Sigma-Aldrich, St Louis, MO, USA), and then incubated with Dulbecco's modified Eagle's medium (DMEM) containing collagenase/dispase (1 mg/ml, Sigma-Aldrich) at 37°C for 15 min. Next, DMEM containing dispase II (2.0 unit/ml, Sigma-Aldrich) was instilled into the distal air spaces and the lung tissue was incubated in DMEM containing collagenase/dispase (1 mg/ml) at 37°C for 30 min. The digested lung tissue was then minced and incubated for another 30 min, and the suspension was filtered through a 100 μm Nylon Cell Strainer (Thermo Fisher Scientific Japan, Yokohama, Japan) and centrifuged at 1500 rpm for 5 min. The cell pellet was subsequently resuspended and incubated in phosphate buffered saline containing PharmLyse (BD Biosciences, San Jose, CA, USA) at room temperature for 5 min and then centrifuged at 1500 rpm for 5 min. The cells (5.0 × 10 5 ) were seeded onto 100 mm cell culture dishes (#353003, Falcon, Corning, NY, USA) that had been preseeded with mitomycin-C-treated NIH3/T3 cells (2.88 × 10 5 cells/dish) as feeder cells. Cultures were maintained in bronchial epithelial cell growth medium (BEGM, Lonza Japan, Tokyo, Japan), a serum-free media, for 11 days. On reaching sub-confluence, cells were trypsinized and used for experimentation as described below. Cells derived from each of the three lung tissues, selected in BEGM culture, were termed human lung (HuL) 4, 5, or 6 cells and were characterized in detail in this study. Sequencing analysis using Ion AmpliSeq Cancer Hotspot Panel v2 (Thermo Fisher Scientific) revealed that HuL4-6 cells had very few mutations in the 50 oncogenes or tumor suppressor genes analyzed ( Table 1 ), supporting that the characterized polyclonal HuL4-6 cells were derived from normal alveolar epithelial cells, not from lung adenocarcinoma cells.
HuL Cell Culture
HuL4-6 cells were seeded onto 60-mm tissue culture dishes coated with collagen type I (#4010-010, IWAKI, AGC Techno 16 alone or in combination. Nintedanib, a triple angiokinase inhibitor for VEGFR1/2/3, FGFR1/2/3, and PDGFRα/β (Selleck) was used to examine EMT suppression in HuL4-6 cells. 5 Immunocytochemistry Cells grown on 35-mm glass bottom, collagen-coated dishes (D11134H; Matsunami Glass, Osaka, Japan) were fixed with 4% paraformaldehyde at room temperature for 15 min followed by permeabilization with 0.5% Triton-X 100 for 2 min. After the cells were rinsed with tris-buffered saline (TBS), they were blocked with Image-iT FX Signal Enhancer (Thermo Fisher Scientific) for 30 min and then incubated in 3% BSA/TBS for another 60 min at room temperature. Samples were then incubated overnight at 4°C with the following primary antibodies: anti-thyroid transcription factor-1 (TTF-1) (D2E8; 1:50 dilution; Cell Signaling Technology Japan, Tokyo, Japan), anti-napsin A (TMUAd02; 0.5 μg/ml; Immuno-Biological Laboratories, Gunma, Japan), anti-E-cadherin (24E10; 1:400; Cell Signaling), anti- 
RNA Isolation and Quantitative Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR)
Total RNA extraction and quantitative RT-PCR were carried out as previously described. 17, 18 The following PCR primers were all purchased from Qiagen (QuantiTect Primer Assay): β-actin, encoded by the ACTB gene (Hs_ACTB_1_SG); E-cadherin, encoded by the CDH1 gene (Hs_CDH1_1_SG); TTF-1, encoded by the NKX2-1 gene (Hs_NKX2-1_1_SG); vimentin, encoded by the VIM gene (Hs_VIM_1_SG); N-cadherin, encoded by the CDH2 gene (Hs_CDH2_1_SG); zinc finger E-box binding homeobox 1 (ZEB1), encoded by the ZEB1 gene (Hs_ZEB1_2_SG); and SNAI1, encoded by the SNAI1 gene (Hs_SNAI1_1_SG). Beta-actin was used to standardize the quantity of target mRNAs. Relative mRNA expression levels were calculated using the comparative ΔΔC T method and are presented as the averages of triplicate experiments.
Western Blotting
Treated cells were lysed in NuPAGE LDS Sample Buffer (Thermo Fisher Scientific). Whole cell lysates were subjected to SDS-PAGE (4-15% Mini-Protean TGX Precast Gels; BIO-RAD, Hercules, CA, USA) followed by blotting with specific antibodies, and detection using the Supersignal West Pico Chemiluminescent Substrate (Thermo Fisher Scientific). The primary antibodies used were anti-E-cadherin (24E10; 1:1000; Cell Signaling), anti-TTF-1 (EPR8190; 1:1000; Abcam Japan, Tokyo, Japan), anti-phospho-SMAD2 (S465/467) (D27F4; 1:1000; Cell Signaling), anti-vimentin (D21H3; 1:1000; Cell Signaling), and anti-vinculin (hVIN-1; 1:5000; SigmaAldrich). To evaluate the relative expression levels of E-cadherin, the band intensities were measured on X-ray film using Image J software (National Institutes of Health, Bethesda, MD, USA).
IPF Tissues
IPF lung tissues obtained from four patients treated at the Sapporo Medical University Hospital were analyzed. All patients were male, with a median age of 71.5 years (range: 66-75 years), and fulfilled the current diagnostic criteria for IPF (Table 2) . 19 All pathological slides were reviewed and Figure 1a ; Supplementary Figure S1a ). HuL4-6 cells treated with EW-7197, a selective TGF-β receptor type I inhibitor, 16 clearly expressed TTF-1 (a transcription factor essential for the development of the lung) in the nuclei and napsin A (an aspartic proteinase that promotes maturation of pro-surfactant protein B) in the cytoplasm (Figures 1b and c; Supplementary Figure S1b) . 20, 21 These are two key molecules indicative of alveolar epithelial type II cell origin. 22 In EW-7197-treated HuL4-6 cells, where TGF-β signaling was suppressed as evidenced by loss of phospho-SMAD2 expression, 8 protein expression was markedly decreased for vimentin, slightly increased for E-cadherin, and acquired for TTF-1 (Figure 1b) . In contrast, in HuL4-6 cells cultured in the absence of EW-7197, and particularly during TGF-β1 treatment, protein expression was markedly increased for vimentin, slightly decreased for E-cadherin, and almost completely lost for TTF-1 (Figure 1b) . These dynamic changes in protein expression levels were confirmed to be mirrored for the expression levels of the respective mRNA (Figure 1d ). Collectively, these findings indicated that the phenotype of HuL4-6 cells was dynamically changed from epithelial to mesenchymal, or vice versa, in the presence or absence, respectively, of TGF-β signaling at 72 h. Conclusively, HuL4-6 cells underwent EMT or MET with ease in response to environmental stimuli. Moreover, immunofluorescence revealed that EW-7197-treated HuL4-6 cells displayed a distinct epithelial phenotype, showing membranous expression of E-cadherin, cytoplasmic expression of cytokeratin (CK) 7, and a weakly speckled expression of vimentin ( Supplementary Figures S2a and S2b) . Conversely, TGF-β1-treated HuL4-6 cells changed into elongated fibroblast-like cells, with cytoplasmic rather than membranous expression of E-cadherin, and diffuse expression of vimentin, while maintaining uniform expression of CK7 (Supplementary Figures S2a and S2b) . Since CK7 is a representative alveolar epithelial cell marker, and is not expressed in mesenchymal cells including fibroblasts, 23, 24 the findings mentioned above demonstrated that the analyzed HuL4-6 cells were not contaminated by lung resident fibroblasts or NIH3/T3 cells, and that TGF-β1-treated HuL4-6 cells did not completely lose their epithelial phenotype. In short, HuL4-6 cells cultured in the presence of TGF-β1 acquired a partial, but not complete, mesenchymal phenotype. 25 
ZEB1 Knockdown Slightly Induces an Epithelial Phenotype in HuL5 Cells
We also quantified mRNA expression levels of the ZEB1 and SNAI1 genes, which are major EMT-inducing transcription factors, in HuL4-6 cells and found them slightly elevated in the presence of TGF-β1 (Figure 2a) . 8, 9 However, the upregulation of ZEB1 or SNAI1 mRNA in TGF-β1-treated HuL cells seemed not to be prominent compared with that of vimentin or N-cadherin (encoded by the CDH2 gene) mRNA (Figures 1d and 2a) . When ZEB1 expression was suppressed by siRNA in HuL5 cells, the knockdown efficiency of which was~72% at mRNA levels, expression of TTF-1 marginally increased and expression of vimentin slightly decreased although their morphology was virtually unchanged (Figures 2b and c) . Conversely, SNAI1 knockdown (knockdown efficiency:~67% at mRNA levels) did not induce apparent changes in TTF-1 or vimentin expression in the cells (Figure 2c ). These findings raise the possibility that ZEB1, not SNAI1, plays a role in EMT induction in HuL5 cells.
Fibroblastic Foci are in Direct Contact with Alveolar
Epithelia and Pushdown Capillary Vessels AB staining enabled FF to be easily identified in the IPF lungs examined (Figure 3; Supplementary Figures S3-S5) . IHC revealed that FF were covered with alveolar epithelia that were uniformly and focally positive for CK7 and TTF-1, respectively, with some alveolar epithelial cells also expressing vimentin (Figure 3; Supplementary Figures S4 and S5 ). In addition, most of the alveolar epithelia over FF were flat rather than round, and appeared to have acquired a partial EMT phenotype. 25 It is well-known that epithelial and capillary basement membranes in the alveolar septa are irregularly fused in physiological conditions, 22 and IHC showed that capillary vessels expressing CD34 were located immediately under the CK7-positive alveolar epithelia in the near-intact parts of the examined IPF lungs (Supplementary Figure S3a) . However, we found that FF pushed the capillary vessels and elastic fibers down~100 μm below the alveolar epithelia ( Figure 3; Supplementary Figures S3-S5 ). This means that FF, not capillary vessels, are in contact with alveolar epithelia exhibiting a partial EMT phenotype, and the foci exclude capillary vessels and elastic fibers, the major preexisting components in the alveolar septa. 22 It appears to be hard for resident fibroblasts or bone marrow-derived fibrocytes to infiltrate and proliferate between alveolar epithelia and capillary vessels, the basement membranes of which are physiologically fused. 22 Thus, FF are more likely to 
Fibroblastic Foci Disrupt Blood Flow to Alveolar Septa, Leading to Destruction of the Lung Architecture
We would like to propose a new hypothesis of how FF distort the preexisting structure of the lung. Alveolar ducts extend longitudinally and latitudinally in the lung parenchyma, and the inner surface of the duct is covered with sheets of alveoli. 15, 22 In this study, we divided alveolar septa into 'alveolar domes' and 'lateral walls of alveoli,' following the definition by a previous report, 15 thereby gaining a deeper understanding of the first step toward distortion/destruction of preexisting architecture in the IPF lung (Figure 4a ). Although alveolar domes have small vessels (arterioles or venules) as well as capillary vessels, alveoli lateral walls contain only capillary vessels, 15 indicating that a lateral wall completely relies on its alveolar dome for blood supply. We found that FF often formed not only in subpleural/paraseptal areas, but also in alveolar domes, and the alveolar domes affected by FF almost never had branching lateral walls of alveoli over the foci (Figure 3; Supplementary Figures S3 and  S5 ). The disappearance of alveoli lateral walls over FF is probably a result of the foci formation, because this process dissociates the capillary vessels from the alveolar epithelia, whose basement membranes are physiologically fused. 22 Once a fibroblastic focus has formed in a portion of an alveolar dome, the focus, which lacks capillaries within it, disrupts blood flow from the alveolar dome to the lateral wall(s), leading to a subsequent collapse of the alveolar septa (Figure 3; Supplementary Figures S3 and S5 ). Our hypothesis that the FF within alveolar domes disrupt blood flow to lateral walls on the domes and consequently destroy them, is also supported by Figure 4b . We surmise that such collapse of the alveolar septa is the first step toward honeycombing in the lung during late stage IPF. 1, 6 Nintedanib does not Inhibit EMT in HuL Cells We next explored if nintedanib, an approved drug for IPF treatment, 5 had an effect on EMT or MET in HuL4-6 cells. In the presence of EW-7197, all the HuL cells showed a cobblestone-like appearance, clearly expressed TTF-1, and Figure S6) . Considering that the Cmax (peak plasma concentration after administration) of nintedanib in IPF patients who are administered with 150 mg of nintedanib twice daily seems to be between 50 and 100 nM, 26 this drug is not likely to exert its therapeutic effect in the clinic through inhibiting EMT, or by preserving an epithelial phenotype, in alveolar epithelial cells.
DISCUSSION
This study has demonstrated that (1) normal human alveolar epithelial cells (HuL cells) dynamically undergo EMT or MET in the presence or absence, respectively, of TGF-β signaling within 72 h; (2) histopathological and IHC analyses of IPF lungs suggest that FF are derived from the transitioned EMT alveolar epithelia located over them; (3) FF seem to disrupt blood flow to lateral walls of the alveoli and destroy them. Identifying the source of FF, small areas of active fibrosis in the lung, is critically important for the development of an effective treatment for IPF, because management of IPF could be achieved by completely suppressing the formation of new FF. Although one report claims that EMT does not play a role in the pathogenesis of pulmonary fibrosis, 14 the bleomycin mouse model used in that study, which is widely used in IPF research, has its limitations, including being responsive to steroids and that the fibrosis in this model resolves itself with time. 3 We believe that both histopathological analysis of the lung tissues from IPF patients and cell biological examination of normal, not neoplastic, human alveolar epithelial cells are critical for determination of the initiation and progression of IPF. However, only one published study has analyzed both of these. 12 That study, conducted by Marmai et al, 12 found that non-neoplastic human alveolar epithelial cells in vitro can undergo EMT in response to TGF-β signaling in 5 days, and our experimental results using HuL cells are in agreement with these findings. Several studies indicate that integrin αvβ6, which is expressed by alveolar epithelial cells, binds to an arginine-glycine-aspartic acid motif in a latent TGF-β complex and coverts it to an active form, thereby promoting pulmonary fibrosis. 11, 12, 27 Although we did not examine IPF lung tissues for the expression of integrin αvβ6, a seminal report has shown that the integrin expression is markedly upregulated in alveolar epithelia in fibrotic lungs compared with healthy lungs. 28 Our study has also presented three key histological findings that support our hypothesis that EMT contributes to the formation of FF: (1) the alveolar epithelia over FF displayed a partial EMT phenotype; (2) although epithelial and capillary basement membranes in alveolar septa are fused in physiological conditions, 22 the FF were localized between them, were in direct contact with the transitioned alveolar epithelia, and pushed the pre-existing capillaries and elastic fibers down~100 μm below the epithelia; (3) FF consequently excluded capillary vessels from them, indicating that the foci are different from typical granulation tissues. Two of the three findings mentioned above, points 1 and 3, are compatible with previous reports, [10] [11] [12] [13] 29, 30 but to our knowledge, the second finding has not yet been reported. Although it seems that resident fibroblasts or bone marrow-derived cells cannot easily infiltrate between alveolar epithelia and capillaries that are in tight contact with each other, transitioned EMT alveolar epithelia could lose their epithelial phenotype completely, form a fibroblastic focus, and as a result, exclude capillaries from the focus if a high-level of TGF-β activity is maintained. Furthermore, the histological and immunohistochemical analyses in this study led us to surmise that once a fibroblastic focus, much less than 1 mm in diameter, is formed in an alveolar dome, it will impede blood flow to the lateral wall(s) of the alveolus and consequently destroy it. This is probably the first step toward architectural remodeling in the IPF lung.
Collectively, the experimental findings in this study suggest that FF are derived from the transitioned alveolar epithelia located over them; however, our study has a few limitations. First, we examined IPF lung tissues obtained from only four patients. This is because we selected patients who fulfilled the criteria for having IPF according to the current diagnostic guidelines, 19 and then excluded lung tissues where honeycomb changes accounted for most areas of the tissues. Second, FF in the analyzed lung tissues were completely negative for CK7, whereas TGF-β1-treated HuL cells, which were mostly spindle-shaped and uniformly positive for vimentin, had preserved expression of CK7. HuL cells in the presence of TGF-β1 are likely to correspond to the transtioned alveolar epithelia over FF, rather than to the fibroblasts within the foci. It would therefore be interesting to determine whether long-term treatment of HuL cells with TGF-β1 transforms them into cells with a complete mesenchymal phenotype, like the fibroblasts in FF. However, FF might be derived from capillary components, namely from endothelial cells or pericytes; 1, 4, 14 therefore, further research is needed to determine the origin of the foci.
The experimental findings in the present study led us to propose that FF in the IPF lungs stem from the transitioned alveolar epithelia located over the foci, and that they disrupt the blood flow to the alveoli lateral walls, thus destroying them. This process is probably the first step toward the marked distortion of the lung architecture that occurs in IPF. Supposing that FF are indeed derived from transitioned EMT alveolar epithelia, repression of EMT will inhibit the formation of novel FF and consequently control the progression of IPF. We also examined if nintedanib was able to suppress EMT in HuL cells, because previous reports have suggested that it can inhibit EMT to some extent in cancer cell lines. 31, 32 However, although the peak plasma concentration of nintedanib in IPF patients has been reported to be between 50 and 100 nM, 26 even treatment with 0.2 μM nintedanib had no obvious effects on the phenotypes of the analyzed HuL cells. These findings collectively suggest that nintedanib cannot suppress EMT in normal alveolar epithelial cells, and that its efficacy in clinical IPF treatment is probably due to mechanism(s) other than the inhibition of EMT in alveolar epithelia. In contrast, EW-7197 consistently induced a clear epithelial phenotype in HuL cells, suggesting that TGF-β receptor inhibitors might, at least partly, suppress active fibrosis in the IPF lung and control the progression of the disease. Since the effects of EW-7197 on HuL cells were partially mirrored by ZEB1 knockdown, but not SNAI1 knockdown, ZEB1 may contribute to EMT induction in HuL cells, at least in part. However, further studies focusing on EMT-inducing transcription factors are clearly needed to clarify which factor(s) play a decisive role in the EMT of alveolar epithelial cells.
In conclusion, the normal human alveolar epithelia HuL cells examined in this study underwent dynamic EMT or MET in the presence or absence, respectively, of TGF-β signaling. Histological and immunohistochemical analyses of lung tissues affected by IPF suggested that FF are more likely to be derived from the transitioned EMT alveolar epithelia covering the foci than from resident fibroblasts or bone marrow-derived cells. We also proposed the hypothesis that the presence of FF disrupts blood flow to alveolar septa and destroys them, which seems to be the first step toward advanced remodeling in the IPF lung. Although it remains to be resolved what mechanism(s) in combination with TGF-β signaling induce HuL cells into a complete EMT phenotype, TGF-β receptor inhibitors, which can suppress EMT in HuL cells, could be a valuable new approach for the treatment of IPF.
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